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Biotechnology and Agriculture: The Common
Wisdom and Its Critics
MARK SAGOFF

INTRODUCTION

When I was a child, my mother implored me to eat everything on my plate
because "people are starving in Africa." The non sequitur was apparent, even to
me. The amount of food children in wealthy countries waste has little or no
effect on the amount children in poorer nations have to eat. Industrial economies
produce vast farm surpluses. In spite of these surpluses, many of the world's
poor will go to bed hungry. Food shortages arise because of failures in
distribution, not in production. This is the common wisdom many analysts
accept.'
If this common wisdom is correct, agricultural biotechnology will affect
industrial economies and peasant economies differently. In many industrial
economies, for example, in the United States and in Europe, three chronic
problems plague agriculture: glut, glut, and more glut. Even without the benefit
of biotechnology, farm commodities flood markets and drive prices below
costs-leading to trade wars as European, Australian, Canadian, and South
American producers compete for buyers. Bailouts, payments for not growing
crops, and export subsidies have been hallmarks of farm policy.
Price is the clear indicator of plenty and scarcity. If goods are scarce relative
to demand, prices rise; if they are plentiful, prices fall. Last year, prices paid to
wheat farmers on the Great Plains fell to $2.06 per bushel--the same price as in
1866 in nominal terms, i.e., with no adjustment for inflation.2 Surpluses beset
* Senior Research Scholar, Institute for Philosophy and Public Policy, School of Public Affairs, University of
Maryland, College Park. E-mail: ms2@umail.umd.edu. The author wishes to acknowledge support from the
National Human Genome Research Institute program on Ethical, Legal, and Social Implications of Human
Genetics, Grant R01HG02363 and support from Illinois-Missouri Agricultural Biotechnology Alliance (IMBA).
The views expressed are those of the author alone.
1. See generally, Vernon W. Ruttan,

Biotechnology and Agriculture:

A Skeptical Perspective, 2

AGBIoFORUM 54 (1999), at http://www.agbioforum.org/vol2nol/ruttan.pdf (arguing "[b]iotechnology ispoised to
become an important source of productivity growth in agriculture ....); C. Ford Runge & Benjamin Senauer, A
Removable Feast, FOREIGN AFF., May-June 2000, at 39 (discussing the importance of trade to food security).
2. Lee Egerstrom & Tom Webb, A World of Hurt: Both Small Farms, Rural Economy Are in Crisis,

AgLINK (June 27, 1999), at http://www.agweek.com/docs/0628/06271ead.htm.
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many other crops. In Idaho, farmers received less than a penny a pound for
potatoes last year and, therefore, plowed many of them back into the soil. 3 It
seems fairly clear that biotechnology will not relieve the grotesque overproduction
that has long been the bane of American agriculture. Indeed, it will only
aggravate the problem.
In peasant economies, in contrast, agricultural biotechnology offers the
promise of helping to solve local problems-for example, by designing virusresistant staple crops such as cassava. Genetic engineers can help peasant
societies by engineering plants and animals to stand up to the challenges of local
conditions, such as blights that affect yams and other traditional crops. To be
sure, for-profit firms, such as Monsanto, may find little incentive beyond public
relations for paying a lot of attention to rust-resistance in cassava. But the
Rockefeller Foundation, many universities, and other non-profits surely have the
resources to help. Perhaps Harvard, with its $20 billion endowment, could bring
post-docs to its laboratories to work on improving traditional "third-world" crops.
The responsibility should hardly be laid at the feet of multinational corporations.
Those who express doubts about agricultural biotechnology need not reject
this common wisdom about its economic consequences. They may recognize the
threat biotechnology poses to industrial societies, i.e., greater overproduction, and
the benefits it promises to peasant societies, for example, cold-hardy, droughtand disease-resistant crops that can stand up to local conditions. As Maurizio
Paoletti and David Pimentel point out, however, critics express "concern
regarding the possible environmental risks of genetically engineered organisms,"
particularly "that the release of genetically engineered organisms might adversely
affect both tropical and temperate biodiversity." 4 Ironically, genetic engineering
also has the potential of increasing biodiversity without limit-if by "biodiversity"
one refers to genetic variety. According to the Council for Agricultural Science
and Technology, society may use "biotechnology to improve and increase useful
kinds of biodiversity in plants, microorganisms, and animals."5 This essay will
discuss the economic aspects of agricultural biotechnology and then comment on
its ecological consequences.

3. David Barboza, Misery Is Abundant for Potato Farmers: Bumper Crops Turned into Fertilizer, N.Y.
TIMES, Mar. 17, 2001, at CI.
4. Maurizio G. Paoletti & David Pimentel, Genetic Engineering in Agriculture and the Environment:
Assessing Risks and Benefits, 42 BIOSCIENCE 665, 665 (1996).
5. COUNCIL FOR AGRIC. SCI. & TECH., 133 TASK FORCE REPORT BENEFITS OF BIODIVERSITY 3 (Feb. 26,

1999), http://www.cast-science.org/pdf/biod.pdf.
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I. No FIX FOR FAMINE
Let me begin with the common wisdom about the elasticity of farm
production.6 According to conventional economics, farm production and
automobile production rise and fall for exactly the same reason: market demand.
Farmers can, and will, plant and harvest as much as they can sell. As Nobel
laureate Amartya Sen wrote in 1994, "food output is being held back by a lack of
effective demand in the market" rather than by ecological constraints on production.7 In other words, food is not scarce, but demand is, since many people are
8
too poor or powerless to purchase food, even at historically low prices.
A. Look Who's a Malthusian Now
Many environmentalists-especially those who warn society about ecological
limits to economic growth-bristle at the idea that the cause of famine lies in the
shortage not of supply but of effective demand. These environmentalists adopt
the Malthusian position that famines are inevitable because population growth will
always outstrip agricultural production. On this view, famines arise because of
the intransigence of nature, not because of the injustice of society; in other
words, if populations grow, famines are inevitable, since they result from the
paucity of resources, not from the inability of the poorest people to get access to
them. To proponents of this view, genetic engineering offers only a false promise
of throwing back nature's limits-a promise that cannot be redeemed because
nature's limits cannot be altered. In this vein, ecologist Paul Ehrlich has
denounced the "hope that development can greatly increase the size of the economic pie and pull many more people out of poverty." 9 This hope is "basically a
humane idea," Ehrlich has written, "made insane by the constraints nature places
on human activities."'10

6. See Amartya Sen, The Population Delusion, N.Y. REV. OF BOOKS, Sept. 22, 1994, at 62.
7. Id. at 67.
8. See Norman E. Borlaug, Feeding a World of 10 Billion People: The Miracle Ahead, LW aIeNomnma
Borlaug Institute for Plant Science Research of De Montfort University (May 31, 1997),
http://www.dmu.ac.uk/dept/schools/app-sci/bio-sci/nblect.html ("Had the world's food supply been distributed
evenly, it would have provided an adequate diet (2,350 calories, principally from grain) in 1994 for 6.4 billion
people-about 800 million more than the actual population.").
9. PAUL R. EHRLICH & ANNE H. EHRLICH, THE POPULATION EXPLOSION 269 n.29 (1990).

10. Id.
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Since environmentalists have for so long associated themselves with "the
limits to growth,"" one might think that critics of agricultural biotechnology,
since they generally adopt a "green" ideology, would scoff at the hope that
biotechnology might help feed the world's growing population. Actually, this is
not the case. Those who oppose the application of genetic engineering in
agriculture concede its power to push back the natural barriers that constrain
yields, for example, by increasing the efficiency of photosynthesis. "If present
ceilings [on yields of basic crops] are to be broken," as Vernon Ruttan has
written, "it seems apparent that improvements in photosynthetic efficiency,
particularly the capture of solar radiation and reduction of water loss through
transpiration, will be required.' 2 How can Malthusians plausibly argue that
genetic engineering cannot achieve these breakthroughs? Only those well versed
in the technology itself can speak to its possibilities, and they are full of
optimism.' 3
The advent of genetic engineering, along with other technological advances,
has led many environmentalists to downplay the old Malthusian arguments about
the limits to growth.
Critics of agricultural biotechnology-though
overwhelmingly identifying themselves with environmental causes-do not
endorse the old Malthusian ideology. Instead, they agree with Sen that the causes
of famine are to be found in social and economic relationships, not in nature.
"The real causes of hunger are poverty, inequality and lack of access to food and
land.' 4 These critics accept the theory that in a more equitable world
biotechnology could help developing nations; as things stand, however,
"innovations in agricultural biotechnology have been profit-driven rather than
need-driven.'
The problem, these critics contend, is that big corporations,
while patenting genetic information, have no incentive to share or use it in ways
to benefit the poorest of the poor.
Who, then, defends the Malthusian position that fixes the blame for famine on
the limits of nature rather than on the injustices of society? In fact, it is free11. See generally DONELLA H. MEADOWS ET AL., THE LIMITS TO GROWTH: A REPORT FOR THE CLUB OF
ROME'S PROJECT ON THE PREDICAMENT OF MANKIND (1972) (discussing a model that predicts when the growth
limits will be reached on this planet).
12. Ruttan, supra note 1, at 56.
13. See http://www.biotechinstitute.org for a good list of links to background material about the prospects of
biotechnology in agriculture.
14. Miguel A. Altieri & Peter Rosset, Ten Reasons Why Biotechnology Will Not Ensure Food Security,
Protect the Environment and Reduce Poverty in the Developing World, 2 AGBIOFORUM 155, 156 (1999), at

http://www.agbioforum.org/vol2no34/altieri.pdf [hereinafter Altieri & Rosset].
15. Id
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marketeers associated with corporate interests-Gregory Conko and Fred Smith,
Jr. are examples-who invoke Malthusian reasons for promoting agricultural
biotechnology in order to throw back nature's constraints.' 6 The opponents of
agricultural biotechnology, such as Miguel Altieri and Peter Rosset of "Food
First," reject the Malthusian arguments they correctly associate with its
proponents. "There is no relationship between the prevalence of hunger in a
given country and its population," they write. 17 "Too many people are too poor
to buy the food that is available (but often poorly distributed) or lack the land and
resources to grow it themselves.' 8
The proponents of agricultural
biotechnology, in contrast, anxious to give the green light to corporations working
in the area, hark back to the old Malthusian nostrums about the natural limits to
growth.
This amusing do-si-do should not go unremarked. Agricultural biotechnology
has pried environmentalism apart from Malthusianism. That biotechnology can
substitute for nature, extend nature, and overcome natural boundaries has become
obvious; the power of genetic engineering is too plain to deny. Thus, Malthusian
fears serve only to buttress the case for biotechnology, because if nature were the
cause of famine, biotechnology would be the cure. For this kind of reason,
proponents of biotechnology find Malthusian arguments to be congenial. Critics
of biotechnology, in contrast, reject Malthusian arguments that in their view no
longer serve to support the cause of environmentalism, if they ever did. These
critics identify the cause of hunger in distribution, not production. If the problem
lies with social, political, and economic relationships-in injustice rather than in
scarcity-then biotechnology is not relevant.
B. Is ProductionElastic with Demand?
Two arguments support the common wisdom that food production is elastic
with effective demand. First, decades of gluts and low farm prices suggest that
overproduction, not underproduction,has been the chronic problem for global
markets. Second, Sen has shamed those who contend that famines arise because
population growth outpaces food production. He has shown that famines occur
when food supplies are ample. "By focusing attention on the extremely mis-

16. See generally Gregory Conko & Fred L. Smith, Jr., Biotechnology and the Value of Ideas in Escaping de
Malthusian Trap, 2 AGBIOFORUM 150 (1999), at http://www.agbioforum.org/vol2no34/conko.pdf.
17. Altieri & Rosset, supra note 14, at 155.
18. Id. at 156.
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leading variable of food production per head" the Malthusian approach "has been
indirectly involved in millions of deaths which have resulted from inaction and
misdirection of public policy."' 9
Let us assume, then, that with or without biotechnology, agricultural
production is indefinitely elastic. In other words, the world can and will produce
all the food for which people will pay at historically low commodity prices. What
consequences for agricultural biotechnology follow from the assumption that
production expands indefinitely with effective demand?
One could argue that agricultural biotechnology is irrelevant to the problem of
famine because biotechnology has to do with the supply side of production,
which is adequate, rather than with the demand side, which is not. The way to
assure food security in the developing world is to help create the economic and
social conditions-education, employment, good government-that would enable
people to buy food on world markets. The high road to food security lies in
making governments less corrupt, reducing ethnic and racial rivalries and hatreds,
ending civil wars, improving education, providing employment, halting gender
discrimination, and so on. Food security is a function of social justice.
On the other hand, one could argue that the reason food production expands
to satisfy effective demand is that money buys technology, and, in that sense,
biotechnology is part of the equation. An analogy will help explain this argument.
Suppose I said that baseball teams increase their win/loss ratios indefinitely with
money-it is money, not talent, that makes the difference. The best-funded
teams win the most games. The fallacy is obvious. The money buys the talent-so winning depends on both. Similarly, it is not just money-effective demandthat drives agricultural production. Rather, money increases production by
paying for advances in technology.
II. A BENEFIT AT THE LOCAL LEVEL

Those who tout the benefits of agricultural biotechnology for the poorest
nations recognize that in the context of global markets, famine or hunger is
essentially a demand-side phenomenon. These agronomists recognize that it is
often cheaper and more efficient for developing nations to buy food than to strive

19. Amartya Sen, Food, Economics, and Entitlements, in INTERNATIONAL AGRICULTURAL DEVELOPMENT
240, 241 (Carl K. Eicher & John M. Staatz eds., 1998).

2001]

BiOTECHNOLOGY AND AGRICULTURE

for food self-sufficiency.2" This is especially true given the rapid urbanization of
the developing world. It is terribly inefficient for urban masses to try to produce
food rather than purchase it. There is little reason to suppose that food grown
locally will be less expensive than food grown more efficiently in places farther
away. Accordingly, it may not be obvious that biotechnology will benefit peasant
farmers in developing countries. Rather, it may help industrial farmers in the
developed world to undersell Third World farmers in their own urban markets.
Yet, as Gordon Conway of the Rockefeller Foundation points out, even if
global production will easily satisfy market demand, "there could still be nearly a
billion people who lie outside the market and are chronically undernourished.eI
Conway believes that agricultural biotechnology can benefit peasants in the
countryside whose poverty precludes them from participating in global markets
and forces them to depend on local, subsistence farming.
How can agricultural biotechnology benefit non-export subsistence
agriculture? In Kenya, scientists funded by Monsanto have developed a
recombinant sweet potato that resists a devastating virus.22 Biotechnologists are
at work on "edible vaccines" to be engineered into crops such as bananas. 23 Ingo
Potrykus and colleagues in Zurich have produced a beta-carotene rich rice that
can end the Vitamin A deficiencies that now plague 230 million children in
developing countries. The Zurich team has also added genes that will solve even
greater problems cf iron deficiency.24 This technology can be transferred to
indigenous producers simply by distributing seed.25 There is no general economic
theory that shows why or how agricultural biotechnology can benefit people in
developing countries. However, a long list of examples can be supplied of the
near miraculous potential of genetic engineering to relieve malnutrition and hunger
on a crop-by-crop, problem-by-problem basis.
Over 1,200 scientists, many from developing countries, have signed a petition
praising genetic engineering "as a potent tool for the achievement of a productive

20. See Runge & Senauer, supra note I, at 39.
2 1. Gordon Conway, GeneticallyModified Crops: Risks and Promise, 4 CONSERVATION ECOLOGY (20 a
http://www.consecol.org/joumal/vol4/iss I/art2.
22. Laura Tangley, Engineeringthe Harvest, U.S. NEWS & WORLD REP., Mar. 13, 2000, at 46.
23. Martina McGloughlin, Ten Reasons Why Biotechnology Will Be Important to the Developing World, at
http://www.agbioforum.org/vol2no34/mcgloughlin.htm (last visited Dec. 1I, 2001).
24. Tangley, supra note 22 at 47.
25. See Runge & Senauer, supra note I.

INDIANA JOURNAL OF GLOBAL LEGAL STUDIES

[Vol. 9:13

and sustainable agricultural system."26 The petition states that genetically
modified crops "can contribute substantially in enhancing quality of life by
improving agriculture, health care and the environment., 27 This is undoubtedly
true in those nations where peasants do not participate in the global economy, but
are still secure in the belief that they can harvest the crops that they plant. In
these circumstances, agricultural biotechnology can help to solve local and
specific problems.
On the other hand, critics counter that developing countries, had they the
social infrastructure, could vastly increase farm production, with or without the
benefits of agricultural biotechnology. Norman Borlaug writes, "Yields can still
be increased by 50-100% in much of the Indian sub-continent, Latin America, the
former USSR and Eastern Europe, and by 100-200% in much of sub-Saharan
Africa, providing political stability is maintained, bureaucracies that destroys [sic]
entrepreneurial initiative are reigned [sic] in," and already available knowledge is
shared.28 People would not need fancy "golden" rice to get Vitamin A if they
could purchase vitamin pills that could cost even less. If people were not so
poor, so war-torn, so divided by ethnic hatreds and religious strife, they would be
far better off, whatever the fate of biotechnology. There is plenty of technology
less sophisticated than genetic engineering that could help subsistence farmers if
only they could avail themselves of it. The problem is that the Horsemen of the
Apocalypse ride together. Where War and Pestilence are found, so are Famine
and Death.
III. THE TECHNOLOGICAL TREADMILL
While agricultural biotechnology can be ;pplied in developing countries
beneficially on a problem-by-problem, location-by-location basis, in industrialized
countries, it is employed differently. In the developed world, genetically
engineered organisms (GMOs) represent the latest turn in the technological

26. AgBioWorld,
Scientists
in
Support
of
Agricultural
Biotechnology,
at
http://www.agbioworld.org/declaration/petition/petition.phtml (last visited Sept. 4, 2001) (the petition was opened

for signatures in January 2000).
27. Id; see also Press Release, AgBioWorld, Nobel Prize Winners Endorse Agriculture Biotechnlog: Jas
Watson and Norman Borlaug Sign
Pro-Biotechnology Declaration (Feb.
7, 2000),
at

http://www.agbioworld.org/biotech info/pr/watson.html (As of February 7, 2000, over 1,000 scientists had
endorsed the petition. Signatories include Nobel Winners James Watson and Norman Borlaug and 1998 National

Medal of Science recipient Bruce Ames).
28. Borlaug, supra note 8.
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treadmill, with the usual three consequences: glut, glut, and more glut. According to the pure theory of the treadmill, as overproduction causes crop prices to
fall, farmers adopt new technology to increase yields and lower costs. 2 9 The
early adopters of the new technology eek out a profit by underpricing
competition, thus driving farm prices down farther. Those who are late to adopt
the technology go broke and sell their land to those who still operate-leading to
ever-greater concentration in the industry. The survivors must adopt even more
efficient technology-and so the treadmill continues to cycle.
In the United States, the number of full-time farmers-well under one
million-is much smaller than the number of full-time prisoners. 30 There are
many fewer farmers, in other words, than felons. What is more, few young
people enter farming: for each farmer under 35, three are over 65 years old. As
agriculture becomes more and more industrialized-as biotechnology reduces risk
and allows a centralized, systematic approach to production-arable land will
become vertically integrated into fewer and larger agnbusinesses, requiring less
and less labor. One may ask then, how many farmers do we need? Indeed, do
31
we need any?
29. See WILLARD W. COCHRANE, THE DEVELOPMENT OF AMERICAN AGRICULTURE: A HISTORICALANALYSJS
429 (2d ed. 1993) (explaining that the "aggressive, innovative farmer is on a treadmill with regard to the adoption
of new and improved technologies on his farm").
As he rushes to adopt a new and improved technology when it first becomes available, he
at first reaps a gain. However, as others after him run to adopt the technology, the
treadmill speeds up and grinds out an increased supply of the product. The increased
supply of the product drives the price of the product down to where the early adopter and
all his fellow adopters are back in a no-profit situation. Farm technological advances in a
free market situation forces the participants to run on a treadmill.
Id.
30. "Altogether, there were Z071,686 incarcerated people in this country at the end of 2000," 1,312,354 in
federal and state prisons and 621,149 in local jails. Press Release, U.S. Dep't of Justice, Bureau of Justice
Statistics, Nation's State Prison Population Falls in Second Half of 2000-First Such Decline Since 1972 (Aug
12, 2001), at http://www.ojp.usdoj.gov/bjs/pub/press/p00pr.htm. Almost 6.5 million people are under some kind
of correctional supervision in the United States. U.S. Dep't of Justice, Bureau of Justice Statistics, Corrections
Statistics, at http://www.ojp.usdoj.gov/bjs/correct.htm (last modified Nov. 14, 2001).
The Economic Research Service of the U.S. Department of Agriculture reports that in 1998, 593,704 farmers
reported that they obtained their principal income from owning or operating a farm, with most of these-42,205-operating small-scale farms, i.e., with sales less than $100,000 a year. Robert A. Hoppe et al., Structural and
FinancialCharacteristicsof U.S. Farms: 2001 Family Farm Report, Economic Research Service, Agriculture
Information Bulletin No. 768, at 10 (May 2001), at http://www.ers.usda.gov/publications/aib768/aib768c.pdf.
Only 171,469 persons owned or operated farms producing on a larger scale-many of these are very big operations.
Id. Practically speaking, then, one could say that in the United States, about 200,000 farmer-owners oroperatm
are significant producers in the agricultural system while about 2 million Americans are incarcerated in the penal
system. One could conclude that felons outnumber farmers by 10 to 1.
31. The reference to King Lear is intentional. Farmers are like knights. "0, reason not the need.
WILLIAM SHAKESPEARE, KING LEAR, act 2, sc. 4.

INDIANA JOURNAL OF GLOBAL LEGAL STUDIES

[Vol. 9:13

The majority of the nation's crops soon may be fabricated by a computer-nn
system overseen by engineers and other technologists directing huge machines
over a vast unpeopled landscape covered with grain. Whatever services cannot
be automated, contract labor may provide. Farming in the traditional sense may
become a quaint "cottage" craft, like glassblowing, that industrial systems render
obsolete. Or, we can imagine two different kinds of agriculture-one method
utterly industrialized and efficient, the other responsive to aesthetic, cultural,
landscape, and non-economic concerns.
Biotechnology can only make the problem of overproduction massively
worse-and with it, the concentration and industrialization of agriculture.
Farmers do not have to till Roundup-Ready crops so they can plant over the
spaces now left open for tillage. Corn and soy will no longer be "row" crops,
since they will cover an entire area evenly. Insect-resistant crops plainly boost
yields by reducing losses. Land thought not to be arable may prove hospitable to
crops engineered to withstand dry, salty, or other conditions. And many possibilities exist for increasing the size, shelf life, efficiency, and other qualities of
farm products. The result will be ever-larger surpluses and ever-larger government bailouts to prop up farm prices-in 2000, such bailouts totaled nearly $23
billion in the United States.3 2
The technological treadmill spells glut for all marketed commodities, including
those produced for export by the developing world. Commentators see the likely
result of biotechnological advances to be the dis-appropriation of nations from the
commodities of which they have historically been the source. About 100,000
Kenyans make a living on small plots of land growing pyrethrum flowers, the
source of a comparatively environmentally safe insecticide of which the United
States has been the largest importer. The U.S. Department of Commerce, however, awarded $1.2 million to a biotechnology firm to engineer pyrethrum
genetically. Industrial countries are able to synthesize all the pyrethrum they need
and undersell Kenyan farmers.33
An article in Foreign Policy in December of 1995 observed that the biotechnological innovations that create "substitutes for everything from vanilla to cocoa

32. Farm Income and Costs: Farm Income Forecasts, Economic Research Service, U.S. Dept. of Agric.,
http://www.ers.usda.gov/briefing/farmincome/Data/GPT7.htm (last modified Sept. 24, 2001).
33. See Kate de Selincourt, Future Shock, NEW STATESMAN & SoC'Y, Dec. 3, 1993, at 30. The Wadhgon
Post reports that AgriDyne k spending $3 million on getting genetically engineered microbes to express
pyrethrum. Sally Lehrman, Splicing genes, Slicing Exports?: U.S. Firms' Bio-EngineeredTropical PlantsMay
Threaten Third World Farmers, WAsH. PoST, Sept. 27, 1992, at HI.
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and coffee threaten to eliminate the livelihood of millions of Third World
agricultural workers., 34 Vanilla cultured in laboratories costs one-fifth as much
as vanilla extracted from beans, and thus jeopardizes the livelihood of tens of
thousands of vanilla farmers in Madagascar.35 In the past, farms produced
agricultural commodities and factories processed them. In the future, factories
may "grow" as well as process many of the most valuable commodities, or the
two functions will become one. As one plant scientist has said, "We have to stop
thinking of these things as plant cells, and start thinking of them as new microorganisms, with all the potential that implies." 6 The implication is that those who
ferment and thus replicate plant cells in vats may out-compete those who grow
them in fields.
Through bioreplacement, biorelocation, and biosubstitution, genetic
technology allows industrial nations to produce tropical crops and undersell
developing nations. Developing nations, by virtue of the same technology, may
flood world markets by themselves. Global markets teeter today-and all our
stock portfolios have shrunk-because of a shortage in demand, not supply. We
may come to realize that Marx was right; overproduction is the bane of
capitalism. Huge inventories of everything overhang world markets, which is
why corporate profits are so low. The technological treadmill is poised to
increase commodity surpluses, especially those of commodities like cocoa and
coffee that sustain the developing world, and therefore, ironically, result in further
impoverishment and therefore further declines in demand. Rather than tending by
its logic to make everyone better off, agricultural biotechnology may make
wealthy countries wealthier, while taking from poor countries even the little that
they have.
The pessimism I have expressed should not be taken as an attack on GMOs
in agriculture. Rather, this critique could apply to any technology that has a
"treadmill" effect. Prices and profits have collapsed, for example, for chips of all
sorts-silicon as well as potato. Intel announces that its sales have tanked. This

34. Robin Broad & John Cavanaugh, Don't Neglect the Impoverished South, FOREIGN POL'Y, Wiran 1995-96,
at 18, 28.
35. See Lehrman, supra note 33, at HI.
36. Mary Ellen Curtin, HarvestingProfitableProductsfrom Plant Tissue Culture, I BIO/TECH. 649, 657
(1983); see also R. S. Chaleff, Isolation of AgronomicallyUseful Mutantsfrom Plant Cell Cultures,219 SEXEE
676, 679 (1983) (The author explains, "[w]ith recognition of the similarities between cultured plant cells and
microorganisms came the expectation that all the extraordinary feats of genetic experimentation accomplished with
microbes would soon be realized with plants." Chaleff enumerates the difficulties that must be resolved before this
expectation may be fulfilled.).
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spring, potato farmers in Idaho once again plowed under their crops since there is
no market.37 Kids cannot leave enough food on their plates; after a point,
demand, unlike supply, is inelastic.
The theory of the treadmill carries far beyond agriculture. No one appears to
know how to distribute wealth far and fast enough to maintain sufficient demand
for all the goods that are produced-not just agricultural commodities, but
automobiles, washing machines, refrigerators, and computers. And so the
Federal Reserve and everyone else worries about how to stimulate demand-how
to get people to buy things they may or may not want or need-in order to jumpstart the economy. Lower interest rates, tax rebates, discounts, and easy credit
do not seem to be enough to clear inventories. The problem is that supply grows
faster, and is more elastic, than demand, given the distribution of wealth.
Technology just aggravates overproduction. The problem is not specific to
agriculture; it is rather a Marxist commonplace about capitalism.
IV. AGRICULTURAL BIOTECHNOLOGY AND THE
SUSTAINABILITY OF RURAL LIFE

In emphasizing the elasticity of agricultural production, I have adopted a
particular conception of sustainable agriculture-that of the agricultural economist. The long-term decline in commodity prices and the expectation that the
application of biotechnology will cause them to continue to fall provides
compelling evidence that industrial agriculture is "sustainable" in the conventional
sense of agricultural economics. In other words, competition will keep prices
low and keep supply equal to demand at those low prices.
Those who raise doubts about the use of GMOs worry about the
"sustainability" of agriculture in two other senses.
First, agricultural
agriculture,
i.e., "organic"
the
viability
of
"alternative"
biotechnology undermines
fanning, "family" fanning, and other more traditional methods of producing food
and fiber for sale. What is to be sustained, on this view, is not just production
but a congeries of values, sensibilities, customs, and cultural commitments of
rural communities. 38 Second, critics of agricultural biotechnology argue that "an
agricultural system which needlessly depletes, pollutes, or disrupts the ecological

37. David Barboza, Misery is Abundantfor Potato Farmers, N.Y. TIMES, Mar. 17, 2001, at Cl.
38. See generally Vernon W. Ruttan, Constraints on the Design of Sustainable Systems of Agricultural
Production, in INTERNATIONAL AGRICULTURAL DEVELOPMENT, supra note 19, at 431.
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balance of natural systems is unsustainable and should be replaced by one which
honors the longer-term biophysical constraints of nature. ' 3 9 These two concerns
about "sustainability" differ in their objects: one has to do with human communities, the other with natural communities. Accordingly, I shall deal with them
separately.
A. The Aesthetic Critique ofAgriculturalBiotechnology
The belief that agricultural biotechnology undermines and, indeed, may doom
"alternative" agriculture may be all too true. For example, Bt toxin is the principal
weapon "organic" farmers use against insects such as beetles and caterpillars.
The gene for the Bt toxin has been introduced into about fifty plant crops to
control the same pests. 40 The use of this toxin on such a broad scale is bound to
shorten the time it will take pests to evolve resistance to it. When insects become
Bt-resistant, as they inevitably will, industrial agriculture may develop new, or
return to old, chemical pesticides. Organic farmers, by definition, cannot use
"chemical" pesticides, so resistance to Bt toxins will be a problem for them.
Since "organic" farmers, also by definition, cannot employ GMOs, the price
difference between industrial and "organic" produce, already hefty, will increase.
In addition, genetic engineering may add to the nutritional content of food, extend
its shelf life and reduce its fat, cholesterol, or other unwanted content. Health
claims made in favor of "organic" food, already dubious, will appear even more
preposterous. Labeling genetically modified foods, moreover, is not likely to help.
The always complicated, often subjective, and impressionistic boundary between
crops that are genetically manipulated and those produced by "conventional"
breeding may be difficult to police. Corporations are clever at developing food
technologies that combine the economies of industrial production with the
benefits of "all-natural" md even "organic" labeling. Indeed, food biotechnologists design foods as much for the label as for the plate.42

39. Id. at 432.
40. Maurizio G. Paoletti & David Pimentel, Genetic Engineering in Agriculture and Environment, 46
BIOSCIENCE 665,666 (1996).
41. See Steve Stecklow, "Genetically Modified" on the Label Means... Well, It's Hard to Say, WALLST.J,
Oct. 26, 1999, at Al.
42. For further discussion, see Mark Sagoff, Genetic Engineering and the Concept of the Natural, 21 PHIL&
PUBLIC
POL'Y
Q.
2
(2001),
at
http://www.puaf.umd.edu[IPPP/reports/SpringSummer&/20Vol21%202001/221056.pdf.
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GMOs threaten the integrity and sustainability of rural communities more in
Europe than in the United States. In the United States, rural economies have, at
best, a tenuous relation to agriculture and other resource-based industries.
According to the Atlas of the New West, only a handful of counties from the
Sierra Nevadas to the Colorado Plateau remain in which thirty-five percent of the
population is employed in mining, logging, farming, or ranching. 43 In communities in the rural West, one is as likely to find software developers, entrepreneurs,
and portfolio managers as loggers or farmers. The idea of the farming
community, with its virtues of independence and stewardship, its spirit of the soil
and sense of place, survives in art, literature, and in the elegiac sociology of
writers such as Wendell Berry and Wes Jackson. However, it has virtually
ceased to exist within the economic reality of the rural West.
Despite the lingering Jeffersonian ideal of the independent farmer and the
sentimental appeal of the family farm, Americans are, by now, inured to the idea
that agriculture is a profit-dependent and technology-driven industry. To be sure,
many of us seek out "whole" or "organic" foods on the supposition that these are
produced in more "ecological" ways-that they are more earth-friendly-than
foods that come from industrial farms. We are disabused of our fantasies,
however, by muckraking journalists who have shown that "organic" foods are
often products of the same industrial agriculture as other fresh or processed
foods. For example, Michael Pollan finds that "organic" and "all-natural" foods,
contrary to the impression created by advertisements, are often fabricated by the
same companies-using comparable technologies-as those that produce
Velveeta and Miracle Whip.44 And the ingredients come from as far away as
megafarms in Chile, not from local farmers' markets.
While Americans, whose idea of nature has more to do with wilderness than
agrarian landscapes, may give up their fantasies about the "naturalness" of what
they eat, agricultural biotechnology is received very differently in Europe. There,
the idea of nature coincides not with that of the pristine wilderness but with the
rural virtues of the pastoral landscape as depicted, say, in the paintings of
43. WILLIAM E. RIEBSAME & JAMES J. ROBB, ATLAS OF THE NEW WEST: PORTRAIT OF A CHANGING RECAoN

108 (W. W. Norton & Co. 1997). In the ard area from the Sierra Nevada forests to the Colorado Plateau, more
than half of the income people earn comes not from wages of any kind but from investments, retirement accounts,
and other "transfer" payments. The rural west is now home to "modem" cowboys, highly educated,
environmentally aware refugees from urban centers who love the landscape, conduct business over the Internet, and
fly in and out of airports in easy reach of nearly every community.
44. See Michael Pollan, How OrganicBecame a MarketingNiche and a Multibillion-Dollar Industry, N.Y.
TIMES MAG., May 13, 2001, at 30, 30-32.
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Constable. That technology destroys this landscape and undermines these virtues
has been the constant lament of Romantic art and poetry for at least 300 years.
Goldsmith's "Deserted Village," written in 1749, expresses this sense of loss:
E'en now, methinks, as pondering here I stand
I see the rural virtues leave the land.
And:
But times are alter'd; trade's unfeeling train
Usurp the land and dispossess the swain.
What shall we say of the complaints repeated over three centuries and vented
today that traditional agricultural communities cannot withstand the onslaught of
(read: "competition with") industrial agribusiness? We could continue to bewail
and deplore this loss of innocence. We could lament the way the rural virtues
leave the land. We could deplore the extent to which peasant economies must
either mimic the methods of industrial agriculture or cede their markets to it. The
rapid urbanization of the developing world and, as a partial result, its growing
dependence on industrial agriculture attests to the power of capitalism over the
cultural diversity of the world. As Miguel Alteiri summarizes, "the alliance of
reductionist science and a multinational monopolistic industry which ... treat
nature as a commodity, will take agriculture further down a misguided route."'s5
Alternatively, we might try a less sentimental response that starts with Marx's
astute observation that this transformation had already become inexorable a
century and a half ago. In the Communist Manifesto, Marx and Engels wrote:
The bourgeoisie has subjected the country to the rule of the
towns. It has created enormous cities, has greatly increased the
urban population as compared with the rural, and has thus
rescued a considerable part of the population from the idiocy of
rural life. Just as it has made the country dependent on the
towns, so it has made barbarian and semi-barbarian countries

45. Miguel A. Altieri, The Myths ofAgricultural Biotechnology: Some Ethical Questions, AGRBDOOLOGYIN
ACTION, at http://www.cnr.berkeley.edu/-agroeco3/the myths.html (revised July 30, 2000).
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of peasants on nations
dependent on the civilized ones, nations
46
of bourgeois, the East on the West.
Let us suppose that the forces of capitalism, as Marx and Engels describe
them, have the effect they observe, namely, to force all the cultures of the world
to walk in step with the stride of the European and American bourgeoisie. The
question is, what to do about this? The response Marx and Engels recommend,
namely, the overthrow of Capitalism by Communism through violence, has lost a
lot of its allure. Religious fanatics rather than Communists, these days, summon
up the self-righteousness that leads them to violence.
What is the alternative to martyrdom for the sake of nature or nature's god?
The other possibility might be to cave in or give up. It would be to recognize,
with sorrow but not with wailing, that what is past is past, and what is dead,
forever dead. We could simply concede that agricultural biotechnology, at least in
developed countries, will destroy whatever pastoral pursuits may exist outside of
theme parks. Biotechnology-based agriculture will succeed and replace earlier
technologies for the same reason those technologies-e.g., the hybrid, the
tractor-swept earlier technologies before them. The reason is competitive
advantage. That may be the whole story. It's not an edifying story, but there it
is. In other words, biotechnology may force us to accept the industrialization of
agriculture, the end of pastoralism, and to try to get over it.
B. The Ecological CritiqueofAgricultural Biotechnology
Those who raise doubts about the application of GMOs in agriculture
question not necessarily its economic but its ecological consequences. In this
spirit, the Cartagena Protocol on Biosafety (Protocol) cites the potential adverse
effects on biological diversity as a reason for adopting a "precautionary approach"
in regulating genetic technologies in agriculture. 4 7 The Protocol is a
supplementary agreement to the Convention on Biological Diversity, which
endorsed efforts "to regulate, manage or control the risks associated with the use
and release of living modified organisms resulting from biotechnology which are

46. KARL MARX & FREDERICK ENGELS, MANIFESTO OF THE COMMUNIST PARTY 13 (Frederick Engels ed.,
photo reprint 1992) (1948).
47. Cartagena Protocol on Biosafety to the Convention on Biological Diversity, Jan. 29, 2000, 39 I.L.M. 1027
(2000).
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likely to have adverse environmental impacts that could affect the conservation
48
and sustainable use of biological diversity.
One critic has said that genetic engineering spearheads a "human siege on the
natural environment."' 9 That is to say, it mounts a final attack upon wild, natural
ecosystems and organisms now comparatively unaffected by human activity.
Activist Jeremy Rifiin has argued that "virtually every genetically engineered
organism released into the environment poses a potential threat to the
ecosystem." 50 Greenpeace International likewise has declared that genetically
modified crops "threaten biodiversity, wildlife and truly sustainable forms of
agriculture." 5'
It is difficult to assess these concerns because they refer to a wide variety of
problems. One must concede that agriculture in general--with or without
GMOs-damages biodiversity and the environment by replacing complex, diverse
ecosystems with amber waves of grain. Insofar as biotechnology further
industrializes agriculture-turning more landscapes into monocultures-it is likely
to threaten what Jeremy Rifkin calls the ecosystem. The problem, however, lies
not in biotechnology as such but in the inability of human beings, unlike the lilies
of the field, to survive in the wild. We have to engage in agriculture because we
cannot subsist on the free bounty of ecosystems.
The relation between biotechnology and biodiversity is complicated but
depends largely on how one defines "biodiversity." If one means, "the variety of
morphology, behavior, physiology, and biochemistry in living things, 52 then
biotechnology can contribute immensely, one might say infinitely, to biodiversity.
This is true because by virtue of genetic manipulation, recombination, mutation,
and Heaven knows what else, biologists can concoct all sorts of living things
never before seen on Earth-and perhaps recreate species that have gone extinct.
The prospects are unlimited.
Take rice, for example. By using conventional methods of forced mutation
and artificial selection, breeders have produced from about twenty wild species in

48. United Nations Conference on Environment and Development: Convention on Biological Diversity, June
5, 1992, art. 8, 31 I.L.M. 818, 825 (1992).
49. Karen M. Graziano, Comment, Biosafety Protocol: Recommendations to Ensure the Safety of the
Environment, 7 COLO. J. INT'L ENVTL. L. & POL'Y 179, 185 (1996).
50. Jeremy Rifkin, The Biotech Century, E. MAG., May-June 1998, at 36, 38.
51. Greenpeace
Int'l,
Genetically
Engineered
Food:
7.
Public
Concern,
at
http://www.greenpeace.org/-geneng/reports/food/intrfo07.htm (last visited Dec. 15, 2001).
52. James Mallet, The Genetics of Biological Diversity: From Varieties to Species, in BIODIVERSITY: A
BIOLOGY OFNUMBERS& DIFFERENCE 13, 13 (Kevin J. Gaston ed., 1996).
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the genus Oryza the far more than 100,000 cultivars of rice that exist in the world
today.53 The International Rice Research Institute located in the Philippines alone
has stored about 85,000 cultivated landraces in its long-term ex situ facility. Over
1,700 useful new varieties of rice have been created by artificial selection (that is,
forced evolution) since the early 1960s. 4 If explorers had discovered in the wild
a strain of rice that contained Vitamin A or one that was rich in iron,
environmentalists would have hailed the discovery as proof that society should
protect wild lands for their economic benefits. One might on the same logic hail
the value of genetic engineering that actually makes such wonders available.
If one means by "biodiversity" just those plants and animals that arise in the
wild, however, the relation between biotechnology and biodiversity is different.
Agriculture depends on the cultivation of very few of these species and those it
uses have by now been so altered by artificial selection that they bear very little
relation to their wild forebears. 55 "Using a variety of tools over the past few
decades, plant breeders have radically transformed our crop plants by altering
their architecture (such as the development of dwarf wheat and rice), shortening
growing seasons, developing greater resistance to diseases and pests (all crops),
and developing bigger seeds and fruits." 56 Thus, the vast variety of agricultural

crops would not have existed without human intervention, e.g., forced mutation
and artificial selection. It is unclear how much wid nature contributes. Wild
progenitors of some crops have long been extinct; the last wild ancestor of dairy
and beef cattle disappeared in about 1746 in Poland. Nevertheless, genetic engineering allows us to contemplate all sorts of new varieties, for example, beef cattle
with lower fat or cholesterol.
Farmers cultivate very few of the roughly 600,000 known plants available to
them. 57 "Of an estimated 80,000 types of plants we know to be edible," a U.S.
Department of the Interior document says, "only about 150 are extensively
cultivated." 8 About twenty species, none of which is in any way endangered,
provide ninety percent of the food the world takes from plants. If agriculture
53. Robert E. Evenson & Douglas Gollin, Genetic Resources, InternationalOrganizations,and Improvement
in Rice Varieties, 45 ECON. DEV. & CULTURAL CHANGE 471, 471-73 (1997).
54. Id.
55. See JACK R. HARLAN, CROPS & MAN 1 7-33 (2d ed. 1992).
56. Channapatna S. Prakash, The Genetically Modified Crop Debate in the Context ofAgriculturalEvolution,
126 PLANT PHYSIOLOGY, May 2001, at 8, 10, available at http://www.plantphysiol.org/cgi/reprint/126/l/8.pdf
57. See DAVID R. GIVEN, PRINCIPLES & PRACTICE OF PLANT CONSERVATION 1 (1994); see also EDWARDO
WILSON, THE DIVERSITY OF LIFE 287-88 (1992).
58. U.S. Dep't of Interior, Nat'l Park Serv., Biological Diversity, Nature's Harvest, at
http://www.nature.nps.gsv/wv/biodiv.htm (last modified Apr. 13, 1999).
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basically depends on just twenty species---out of, say, the more than twenty
million that some biologists reckon the world contains-the importance of
biodiversity to agriculture can be overstated. Of course, genetic engineers,
breeders, and other plant technologists will manipulate the genomes of the major
food crops to improve their economic and nutritional properties. Genetic
engineering increases the genetic diversity of these plants by allowing scientists to
recombine their genetic materials with genes from virtually any other living thing.
This source variety-genetic recombination in the laboratory--can produce more
novel kinds of plants and animals than one might want to think about.
There is little call for new species for cultivation-just for improvements in
old ones. Corporations find it difficult to create demand for a new product, such
as paw-paws, even though they are delicious. Any new food has to take "shelf
space" or "market-share" from one that is now purchased. It is hard enough to
get people to eat their broccoli and lima beans. It is harder still to develop
consumer demand for new foods. This may be the reason the Kraft Corporation,
for example, does not prospect in remote places for rare and unusual plants and
animals to add to the menu. Biotechnology will do a lot more than bioprospecting
to improve the human diet.
If one means by "biodiversity" the variety of life, genetic engineering can add
immensely and immeasurably to biodiversity. If the term refers only to wild
things, that is, to Nature untouched by human hands, biotechnology can only
diminish and never augment biodiversity. In that case, "biodiversity" refers to
Nature as the opposite of "artifact" or "technology." As ecologist Michael Soule
points out, "there's a lot of overlap between nature and biodiversity."59 Three
biologists summarize, "'Maintenance of biodiversity' can be thought of as another
way to say 'maintenance of everything."'6 0
Terms like "biodiversity," "ecosystem," and "sustainability" appear to have no
clear scientific meaning, measurement, or reference. Rather, they are supposed
to move public debate from a concern with endangered species to nature in all its
variety. 61

This was clearly the intention of those who coined the term

"biodiversity." Historian David Takacs writes that Walter Rosen, a program
59. DAVID TAKACS, THE IDEA OF BIODIVERSITY: PHILOSOPHIES OF PARADISE 79 (1996).
60. Gregory H. Aplet et al., The Relevance of Conservation Biology to Natural Resource Management,
CONSERVATION BIOLOGY 298, 299 (1992).
61. See Reed F. Noss, From Endangered Species to Biodiversity, in BALANCING ON THE BRINK OF
EXTINCTION: THE ENDANGERED SPECIES ACT & LESSONS FOR THE FUTURE 227 (Kathryn A. Kohmed, 1991) s
also Dennis D. Murphy, Invertebrate Conservation, in BALANCING ON THE BRINK OF EXTINCTION: THE
ENDANGERED SPECIES ACT & LESSONS FOR THE FUTURE, supra, at 181.

INDIANA JOURNAL OF GLOBAL LEGAL STUDIES

[Vol. 9:13

officer at the National Research Council, used the National Academy's imprimatur
to hold a conference that expanded the boundaries of biology to include advocacy
62
and launched the term biodiversity.
Ecologist Dan Janzen commented, "We needed a word that would... serve
as a little flag for Congress.'63 The term "biodiversity," as Kevin Gaston notes,
embodies "concepts not only of the variety of life, but additionally of the importance of that variety, of the crisis represented by its loss, and of the need for
conservation action. 6 4 No one can assess the relation between agricultural
biotechnology and biodiversity, ecosystems, sustainability, etc., without a firmer
definition of these concepts. Perhaps they all refer to the same thing: Nature or
the natural world unaffected by human activity.
V. NATURE'S SERVICES
The terms "nature" and "natural" may refer to two very different ideas.
First, these terms may refer to everything in the universe, that is, everything to
which the laws of physics apply. In this context, the "natural" constitutes the
opposite of the "supernatural." On this conception of the "natural," human beings
are as much part of nature as any other creature and nothing we can do can upset
the laws, rules, patterns, or principles that govern or organize natural systems.
The philosopher John Stuart Mill explains:
To bid people conform to the laws of nature when they have no
power but what the laws of nature give them-when it is a
physical impossibility for them to do the smallest thing
otherwise than through some law of nature, is an absurdity.
The thing they need to be told is, what particular law of nature
65
they should make use of in a particular case.
If one thinks of "nature" in the sense of everything that obeys the rules of
physics and chemistry, then one can understand the success of hydrology, agronomy, sanitation engineering, biochemistry, microbiology, etc., in helping society
to organize nature for human purposes. Corporate giants such as Weyerhaeuser,
62.
63.
64.
65.

See TAKACS, supra note 59, at 34-39.
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Georgia Pacific, Monsanto, Cargill, and ConAgra hire thousands of bioindustrial
engineers who manage vast agricultural, silvicultural, and aquacultural operations.
The systems they create rely on the very principles that nature obeys. There is
no doubt that these systems feed, clothe, and comfort us; they clearly provide
goods and services upon which we all depend.
If one thinks of nature--the ecosystem, biodiversity, or the sustainable-as
that which human beings have not affected, then it seems clear that biotechnology
may contaminate what little remains of it. The loss of the natural--the end of
nature, the death of nature--presents a terrible aesthetic, moral, cultural, and
spiritual loss. Poets, artists, and religious leaders have shown us this. What is
not as clear, however, is that the human domestication of nature-replacing
prairies with plantations, savannas with suburbs, forests with factories, arcadias
with arcades, and dells with delis-however horrible aesthetically, has been
66
detrimental economically. Indeed, the Great Transformation,as Karl Polany
titled it, while baleful and baneful from a cultural perspective, seems to have
served the economic or utilitarian needs of humanity rather well.
Is the loss of nature--the disappearance of what is spontaneous and wild-a
problem from an instrumental, economic, or prudential point of view? Ecologist
Hal Mooney and others argue that "conditions and processes characterizing
natural ecosystems supply humanity with an array of free services upon which
society depends."6 7 Gretchen Daily and others likewise warn "that natural ecosystems . . . perform fundamental life-support services without which human
civilizations would cease to thrive.'6s
I want to leave you with the question whether this is true. Hunter-gatherer
societies may survive in undeveloped nature in this sense. We cannot and need
not do so. In the United States, nature in that Romantic sense disappeared more
than a century ago with the closing of the frontier. A "natural ecosystem" can
hardly be found between Maine and Mexico. It persists as an icon of the
Romantic or the ecological imagination. The television program "Survivor" gives
an inkling of the extent to which the natural ecosystem will sustain bourgeois
humanity, i.e, not at all. Philosophers like Spinoza and Hobbes described the state
66. KARL POLANYi, THE GREAT TRANSFORMATION:
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of nature as a war of each against all, a horrendous tyranny of tooth and claw, in
which organisms exercise every right that power allows and appetite suggests.
Nature has been shorn of its terror mainly because it has been supplanted and
subdued by technology.
I suspect that biotechnology in agriculture spells the end of nature in the
deepest conceptual sense--Nature as God's Creation-since it allows humans to
invent living things. 69 It divests us of our innocent belief that nature will care for
us as it does the lilies of the field. From a scientific perspective, nature includes
GMOs and everything that conforms to the laws of chemistry and physics.
Evolution is now artificial. This may mean that everything is artificial. Having
eaten of the Tree of Knowledge, we now turn to the Tree of Life. Nature as
distinct from artifice will survive in the Romantic and religious imagination-in
poetry, art, theology, sitcoms, ecological theory, and so on. Realistically
speaking, however, Nature is now what we must do without.

69. Mildred K. Cho et al., Ethical Considerations in Synthesizing a Minimal Genome, 286 SCIENCE 2087,
2090 (1999).

